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Left ventricular asynchrony (LVAS) or dyssyn-

chrony refers to abnormal myocardial activation during

a cardiac cycle resulting in inhomogeneous left ven-

tricular contraction and reduced left ventricular function.

LVAS is common among patients with heart failure

(HF) and a reduced left ventricular ejection fraction

(LVEF). Its prevalence in HF populations has been

reported to be greater than 70%, with a much higher

prevalence among those with left bundle branch block

(LBBB).1 Studies of LVAS in HF populations have

demonstrated its ability to predict HF outcomes and

arrhythmic events.2-4

Gated radionuclide myocardial perfusion imaging is

an established technique for the assessment of LVAS

using the phase analysis technique of gated myocardial

perfusion images. This essentially assesses the dispersion

in the timing of myocardial contraction in individual

segments during a cardiac cycle. Central to the assess-

ment of LVAS by phase analysis is the relatively linear

relationship between myocardial thickening and

myocardial count density in all myocardial segments (i.e.,

brighter myocardium in systole).5 Thus, the time-activity

curve of a myocardial segment is essentially its temporal

thickening curve. However, the temporal resolution of

gated radionuclide imaging is inherently poor due to the

usual 8- or 16-bin gating. This can be improved by

Fourier transformation of the time-activity data to gen-

erate a continuous thickening curve that delineates the

timing of segmental myocardial contraction.6,7 This

thickening curve is generated for over 600 myocardial

voxels during a standard myocardial perfusion acquisi-

tion. With this approach, the initiation of contraction can

be determined and compared among segments and a

phase distribution (histogram) is generated. There are two

widely used and validated indices of LVAS from phase

analysis. One is the phase histogram band width (HBW)

which is the range (in degrees) during which 95% of the

myocardial voxels initiate contraction. The other is the

phase standard deviation (SD) which is the standard

deviation (in degrees) of the timing of contraction from

all the myocardial voxels.8 Most of the data on LVAS

comes from gated SPECT but a similar approach has

been applied to gated PET perfusion imaging and the

LVAS cut-offs for a normal population have been pre-

viously reported.9 Quantitative estimates of myocardial

blood flow (MBF) for both rest and pharmacological-

stress images, and coronary flow reserve (CFR) are added

advantages available with PET phase analysis.

Most studies of LVAS have focused on HF popu-

lations where it has shown to predict outcomes,4

malignant arrhythmias2,3 and the potential to guide

resynchronization therapy.4,10 A few studies have eval-

uated LVAS in relation to ischemia on stress perfusion

imaging. In an early SPECT study, no significant dif-

ferences in LVAS were noted between gated rest and

exercise stress studies despite the presence of significant

ischemia in 50% of the study population. This negative

result likely reflects normalization of any transient wall

motion abnormalities since the stress images are

acquired 45-60 minutes after tracer injection during
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exercise.11 In a subsequent larger study of patients with

ischemic cardiomyopathy (LVEF\ 35%), changes in

LVAS between rest and vasodilator stress were identi-

fied using Rubidium-82 (Rb-82) PET.12 Normally

perfused ventricles decreased LVAS whereas the

development of ischemia resulted in increased LVAS.

Interestingly, the change in LVAS during vasodilator

stress was inversely related to the improvement in LVEF

and was associated with all-cause mortality. The

increased LVAS with pharmacological vasodilation was

attributed to ischemia. Unlike exercise stress which

results in ischemia due to an imbalance between

myocardial oxygen delivery and demand, ischemia

during pharmacological vasodilation is relatively

uncommon. It sometimes develops due to a transmural

steal phenomenon with relative subendocardial ischemia

developing due to subepicardial vasodilation distal to a

critical stenosis.13 It may also occur secondary to a

decrease in diastolic perfusion pressure due to peripheral

vasodilation along with tachycardia and increased con-

tractility from reflex sympathetic activation. All of these

factors could increase LVAS during vasodilator stress.

On the other hand, improvement in LVAS with

vasodilator stress is poorly explained. Previous studies

of PET evaluating LVAS in patients without perfusion

abnormalities have all reported an improvement in

LVAS after vasodilator stress, regardless of baseline

LVEF.9,14 This may reflect altered LV loading condi-

tions as well as enhanced myocardial contractility from

reflex sympathetic activation or increased coronary flow

(i.e., the Gregg Phenomenon).15,16 Thus, there are mul-

tiple ways that coronary arteriolar vasodilation can

modulate measurements of LVAS.

In this issue of the journal, Van Tosh and colleagues

evaluated the relation among indices of myocardial per-

fusion and LVAS in patients with largely preserved global

LV function using phase analysis of gated rest/stress Rb-

82 PET data.17 The authors retrospectively analyzed data

from 195 patients referred for the evaluation of known or

suspected coronary artery disease (CAD). Rest and stress

myocardial blood flow (MBF) was calculated from first

pass data and global MBF was defined as the average of

the MBF values for the entire left ventricle. MBF

heterogeneity was calculated as the ratio of the standard

deviation of segmental MBF values to the average MBF

value from 14 of the standard LV segments. Rest and

stress HBW was used to define the presence or absence of

LVAS, based on prior published cut-offs from a normal

population.9 Greater than half the subjects had known

CAD and at least one-third had angina, which likely

prompted the referral for myocardial perfusion imaging

(MPI). Interestingly, 54% of the study population had

LVAS on at least one of the scans despite global EF being

fairly preserved. Based on the rest and stress phase

analysis, the authors identified 4 patterns—no LVAS

(N = 89, 46%), LVAS at rest which normalized with

stress (N = 13, 7%), LVAS that developed during stress

(N = 42, 21%) and LVAS that was present at rest and

stress (N = 51, 26%). Patients without any LVAS had a

higher rest MBF and lower rest coronary vascular resis-

tance (CVR) when compared to the other subgroups. A

summary of the major results comparing LVAS and

myocardial perfusion are summarized in Figure 1.

Most patients who had LVAS at rest (N = 64),

continued to remain asynchronous with vasodilator stress

(81%). A small number that had LVAS which decreased

with vasodilator stress (N = 13) had significantly higher

values of CFR, stress MBF and lower CVR as compared

to those who continued to have LVAS during stress.

Patients having LVAS that did not improve during

vasodilator-stress had a significantly lower MBF and

CFR. In analyzing the entire cohort, rest and stress MBF

had a statistically significant, but modest correlation with

rest and stress HBW. An LVEF\ 55% during stress was

most predictive of increased LVAS on receiver operating

curve (ROC) analysis (ROC area = 90%). An interesting

finding of this study was a strong relationship between a
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Figure 1. Relationship between left ventricular asynchrony
(LVAS) and myocardial blood flow (MBF). Representation of
the continuum of LVAS and its relation to MBF in a
population with coronary artery disease. Values of HBW and
MBF are taken from Van Tosh et al17. The population is
stratified by the presence of LVAS at rest or with stress. MBF
(A) and histogram bandwidth (HBW) (B) data are graphed
across LVAS strata. ‘Synchrony reserve’ applies to reduction
in LVAS after stress among patients with baseline LVAS, that
could result in complete resolution of LVAS in a subset of the
population. Abnormally high BHW characterizes patients with
fixed LVAS, despite improvement in HBW after stress.
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stress-induced reduction in MBF heterogeneity with

improvement in LVAS (ROC area = 84%). The latter

finding raises the possibility that in some circumstances,

there is ‘‘synchrony reserve’’.

The manuscript highlights the reduction in vasodi-

lated perfusion heterogeneity as a significant predictor of

reduction in LVAS. Although the concept of ‘‘syn-

chrony reserve’’ is provocative and biologically

plausible, the results of this retrospective analysis are

derived from a highly selected population with a high

prevalence of CAD that is subject to referral bias and

makes the observation less reliable. Furthermore, the

prevalence of LBBB as well as a longer QRS durations

(both important determinants of LVAS), are somewhat

higher than observed in a cross sectional population of

patients with chronic coronary artery disease without

severely reduced LV function and potentially confounds

the broad extrapolation of these findings. Another sig-

nificant limitation is the fact that the perfusion

measurements are global rather than regional and they

employ a vasodilator stress where a supply demand

imbalance and subendocardial ischemia is infrequently

produced. Establishing a relationship between regional

(segmental) changes in LVAS and segmental changes in

MBF with exercise stress, where demand-induced

ischemia develops and regional wall thickening dimin-

ishes, would provide stronger evidence for the

relationship between MBF heterogeneity and hetero-

geneity in LVAS. Such an analysis would also clarify

whether rest-only LVAS in the setting of low resting

MBF is due to microvascular dysfunction and abnormal

coronary autoregulatory responses at rest. In the absence

of these regional evaluations, the relationship between

LVAS and global MBF are simply correlations. Finally,

an analysis of the independent impact of LVAS as well

as perfusion heterogeneity on survival would have pro-

vided insight into its prognostic role in a cohort without

severely reduced LVEF but unfortunately was not

reported. Despite these limitations, this study further

reinforces the complex nature of LVAS following

vasodilator stress in patients with CAD.

An improvement in LVEF with vasodilator stress (EF

reserve) has previously been reported from PET MPI but

the mechanism of such a change has not been estab-

lished.18 The present study supports the notion that an

improvement in LVEF is likely preceded by a reduction in

LVAS or ‘synchrony reserve’. Studies have shown EF

reserve to be inversely related to the severity of ischemia

or infarction.12,19 Contrary to the systematic evaluation

LVEF reserve and its prognostic value,18 the presence of a

synchrony reserve is hypothetical and its clinical value is

unknown. A prospective and more structured evaluation

of LVAS in patients with CAD will be needed to deter-

mine whether it has a diagnostic and prognostic role in

patient management when global LV function is relatively

preserved. While speculative, the high prevalence of

LVAS in this cohort with an LVEF[35% raises the

possibility that improvements in LVAS with CRT may be

possible in a subpopulation with CAD and relatively

preserved function. This, however, needs to be established

in randomized prospective studies.

In summary, the study by Van Tosh and colleagues

highlights the prevalence of LVAS in patients with

relatively preserved LVEF as well as the potential

impact of perfusion heterogeneity during vasodilator

stress. Since LVAS assessed by radionuclide imaging is

a predictor of adverse outcomes in HF populations,

advancing our understanding of, its diagnostic, prog-

nostic and therapeutic role in a population with

hemodynamically significant CAD and preserved LV

function could provide important information which

may compliment the known risk of perfusion deficit size

on cardiovascular outcomes. Future prospective studies

to evaluate this should be encouraged.
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